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Abstract 
 
Doubled haploidy methodology is commonly used in many agronomically important crops to 
speed the development of new cultivars.  There are a number of advantages in using haploidy 
technology in both practical application (varietal development, mutagenesis, transformation) and 
basic research (genomics, biochemical, and physiological studies).  Haploid plants are commonly 
produced using one of four methods: culture of anthers or microspores (androgenesis), culture of 
unfertilized ovules (gynogenesis), interspecific or intergeneric crosses followed by chromosome 
elimination, and by pollination with irradiated pollen.  The most efficient method depends on the 
species.  There are a number of factors affecting microspore embryogenesis including genotype, 
donor plant growth conditions, stage of microspore development, composition of the culture 
medium, and environmental conditions during culture.  The frequency of embryo production will 
depend on whether or not these conditions are optimal and varies depending on the species.  For 
the past 20 years, the National Research Council – Plant Biotechnology Institute has been 
developing doubled haploidy protocols in a number of different species.  We have also been 
utilizing these protocols in basic and applied research.  
 
Introduction 
 
There is always a need to improve the crops that are grown in Saskatchewan by increasing yield, 
improving quality, and improving tolerance to diseases and pests.  In general, it takes about 10 
years to develop a new variety, although this depends on the species.  The traditional plant 
breeding methods involve the time consuming process of self-fertilization or back-crossing in 
order to produce homozygous lines.  Doubled haploid (DH) production is the quickest method 
for developing homozygous breeding lines.  The production of doubled haploid lines from 
microspores or ovules makes it possible to obtain stable homozygous lines in a single step.   
 
Development of doubled haploid plants 
 
Haploid plants can be produced naturally but since the frequency is very low, this method is not 
beneficial for breeding programs.  Haploids can be produced by in vitro methods such as culturing 
the male gametophyte (anthers or isolated microspores) or the female gametophyte (unfertilized 
ovules).   Haploid plants have also been developed by interspecific or intergeneric crosses followed 
by chromosome elimination, and by pollination with irradiated pollen.  The most efficient method 
depends on the species.   
 
In many species the culture of isolated microspores or anthers is the most frequently used method 
of haploid production.  This is not new technology but was first reported in the 1960’s (Guha and 
Maheshwari, 1964).  The early work was mostly with the Solanaceae species but has now been 
observed in over 250 species.  With this method, every microspore is potentially capable of 
regenerating into a viable embryo and each plant would therefore represent the variation which 
exists in the population of microspores.  Plant regeneration occurs either by direct embryogenesis 
or through callus formation followed by embryogenesis or organogenesis.        
  
There are a number of factors affecting microspore embryogenesis including genotype, donor plant 
growth conditions, stage of microspore development, composition of the culture medium, and 
environmental conditions during culture (Ferrie and Caswell 2011).  The frequency of embryo 
production will depend on whether or not these conditions are optimal.  These embryos are similar 
to those found in seeds and will regenerate into plants.  However, these plants are haploid (i.e. 
having half the chromosome number of a normal plant).  Treatment with colchicine, a naturally 
occurring compound found in the autumn crocus, doubles the chromosome number creating a 
doubled haploid plant.   
 
Application of doubled haploidy research 
 
Doubled haploidy technology has been developed for a number of species.  There are many 
advantages in using haploidy technology in practical application (varietal development, 
mutagenesis, transformation) and basic research (genomics, biochemical, and physiological 
studies) and this has been reviewed recently (Dunwell 2010, Ferrie and Möllers 2011).   
 
Worldwide, over 200 DH cultivars have been reported from 12 species (Thomas et al. 2003).  
This list is now outdated and incomplete as some breeding organizations are retaining cultivar 
development information as proprietary.  One advantage of using DH plant production in a crop 
improvement program is the shortening of the breeding cycle.  Utilizing DH methodology in a 
breeding program can speed the development of new cultivars by 3 – 4 years (Ulrich et al. 1984).  
Other advantages include easier identification of recessive traits, more efficient selection, and 
being able to work with smaller population sizes.  Furthermore, marker assisted breeding is more 
efficient in haploid embryos and/or plants as only a single allele is present at any given locus.      
 
Microspores, since they are single cells and haploid, make ideal material for mutant selection.  By 
the very nature of haploids, all recessive and dominant traits are readily expressed and are easily 
selectable in culture.  One can make changes at the single cell level and then regenerate the cell to 
a plant.  Traits can be fixed by chromosome doubling to achieve homozygosity.  Another 
advantage of using microspores in mutagenesis is the large number of uniform cells that can be 
exposed to chemical or physical mutagens in a relatively small space and mutants can be selected 
by the appropriate selection pressure.  There are examples in the literature of developing herbicide 
tolerant mutants (Swanson et al. 1988, 1989), disease resistant lines (Zhang and Takahata 1999) or 
alterations in the fatty acid profiles (Ferrie et al. 2008).  
 
Similarly to microspore mutagenesis, the haploid system is well suited for genetic transformation 
and the newer methods of gene editing.  This is due to ease of handling a large number of uniform 
cells or embryos, usually of high regenerative potential, and the ability to duplicate the introduced 
trait during chromosome doubling for doubled haploid production.  There are a number of 
techniques used for the introduction of foreign genes into plant cells, most of which have been 
used to some extent with microspores with varying degrees of success.   
 
Doubled haploidy or microspore culture can be used for biochemical and physiological studies.  
The developmental sequence of microspore-derived haploid embryos closely approximates the 
zygotic counterpart and many of the biochemical pathways are similar.  Uniform microspore-
derived embryos can be easily obtained in large numbers from responding genotypes.  Zygotic 
embryos can be used in such studies but must first be excised at the appropriate stage from the 
developing seed, which is very time consuming. 
 
The Brassica microspore culture protocol is well established.  At the Plant Biotechnology Institute, 
we have developed microspore mutagenesis protocols for B. rapa, B. napus, B. juncea, B. nigra, B. 
oleracea, and B. carinata.  We are also developing novel microspore transformation methods in B. 
napus, B. carinata, and B. juncea.  Over the years, we have worked in collaboration with breeding 
institutes in varietal development and with other groups in using doubled haploidy technology for 
biochemical, physiological, and genomic studies.     
 
At the Plant Biotechnology Institute we are developing doubled haploidy protocols in a number 
of different species and utilizing these protocols in both practical application and basic research.  
Some examples include the Apiaceae family (e.g. dill, carrot, anise, caraway) in which there is 
breeding of these crops but very little doubled haploidy research.  We have screened a number of 
Apiaceae species and have generated microspore-derived embryos and doubled haploid plants in 
10 of 21 species evaluated (Ferrie et al. 2011b).  Field trials of doubled haploid dill have shown 
that the DH lines generally are shorter than the parental cultivar, which is beneficial as lodging is 
a problem in dill.  Some DH lines were higher yielding and some had higher oil levels (Ferrie et 
al. 2011a).  These lines could be used in varietal development.  We are currently developing 
doubled haploidy protocols for oat (Avena sativa) and Camelina sativa (Ferrie and Bethune 
2011).  In both cases, microspore-derived embryos and doubled haploid plants have been 
produced and experiments are underway to optimize the protocols.  
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